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DOE-sponsored reports have made recommendations
for research in HED science

Action Item

Advancing research in High Energy Density Laboratory Plasmas (HED-LP) requires
Federal organization and mechanisms for planning, management and merit- E
science-driven stewardship. The following actions will be implemented to address
these deficiencies:

Strengthening university activities in high energy density laboratory plasmas will help
advance the Nation’s basic science mission goals and ultimately contribute to achieving
major programmatic goals of DOE in nuclear weapons stewardship and fusion energy.

Appendix E. NNSA User Facility Programs

Facility Use Policies for major NNSA HEDP facilities

As part of the ongoing Complex 2030 effort to transform the weapons complex, NNSA
is developing a policy for the operation of its HEDP facilities as national, shared facilities
for programmatic and external user needs. The major facilities covered under this new
policy are: the National Ignition Facility (NIF) at the Lawrence Livermore National
Laboratory (LLNL), Omega/Omega EP at the Laboratory for Laser Energetics (LLE) at
the University of Rochester,” and the ZR/Z-Beamlet/Petawatt at Sandia National
Laboratories (SNL).

NNSA expects that intermediate-scale facilities will also be covered under this policy:
Trident at the Los Alamos National Laboratory (LANL), Jupiter Facility at LLNL, the
Nevada Terawatt Facility (NTF) at University of Nevada at Reno, and other NNSA-funded
facilities as appropriate. A small pilot program soliciting proposals for intermediate-
scale facilities was recently initiated and the first awards will be made in FY2007.
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DOE-sponsored reports have made recommendations

for research in HED science

Recommendation on facilities: The current excitement surrounding HEDLP is based upon
existing and near term large- and intermediate- scale experimental facilities in the U.S. that are
capable of generating high energy density conditions. Taking full advantage of the opportunities
described in this report over the next decade requires continuing and assured access for the
broader scientific community to these facilities. Formal or informal user programs should be
expanded, and new ones should be developed to increase access to HEDLP facilities. Modest
Jacility upgrades will enable even more exciting and challenging experiments of high intellectual
value.

FUSION ENERGY SCIENCE ADVISORY COMMITIEE
Panel on High Energy Density Laboratory Plasmas

IV. A Scientific Roadmap for Energy-Related HEDLP Studies

ADVANCING THE SCIENCE OF 1. Exploiting available facilities to explore energy-related HEDLP science

Exploiting the National Ignition Facility (NIF) capabilities to address ignition science
issues related to inertial fusion energy

3. Resolving scientific issues to promote a transition from a buming plasma experiment

1

to a fusi y-science d program.

&)

HIGH ENERGY DENSITY LABORATORY PLASMAS

January 2009

UNITED STATES DEPARTMENT OF ENERGY

Finding: The NIF is likely to be oversubscribed during the next decade
and the exploration of some of the IFE concepts would require significant
modifications of the NIF, with associated costs of the new hardware and a
loss of shot time while modifications are being performed. These concepts
should be developed on existing HED facilities, with the most promising
transferred to the NIF for a high-gain-ignitic -ation.

“Betti Report” for FES
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DOE-sponsored reports have made recommendations
for research in HED science

High Energy Density Laboratory Physics

Within NNSA, the only facilities formally operating as a “Designated User Facility” are the
Lujan Neutron Scattering Center at LANSCE (Los Alamos Neutron Science Center) and the
Center for Integrated Nanotechnology at the Los Alamos and Sandia National Laboratories.
These facilities are subject to both NNSA and Office of Science oversight. However, other
NNSA facilities, such as OMEGA. and intermediate-scale laser facilities at the national
laboratories also operate as user facilities part of the time. For that aspect of their operation,
facility access 1s based upon peer review by external committees of discovery-driven science
proposals. The National Laser User Facility (NLUF) Program that began in 1979 allows user
access to the OMEGA facility and provides incremental funding to support basic HED science
for university and private industry investigators.

BASIC RESEARCH |
NEEDS FOR (S What's needed? Use of NNSA’s shared national resources for science in the Nation’s broadest

interest can best be achieved by providing access to these facilities by the scientific community,
consistent with NNSA’s mission needs. Operating an SNR as a partial user facility requires

onlih ey Doty funding well in excess of that required for minimum operation of the facility; funds for
coordination, engineering and technical support, facility diagnostics, administrative support, etc.
are also required.
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Expanding High Energy-Density Science

Jupiter Laser F“Ciliy}‘

Jupiter is a multi-platform facility for HED science

Mission

Expand the frontiers of high energy-density laboratory science

3

Support high energy-density science at LLNL in multiple programs

* Help train and recruit future scientific workforce

» Support, collaborate with, and expand the broader HED physics community

Physical
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Jupiter is a multi-platform facility for HED science

Approach

- Office-of-Science-style user facility where all laser time is provided free-of
charge and apportioned through an open, competitive peer-review process

» On a scale that provides significantly greater laboratory access and potentially
more flexibility than large-scale laser facilities

« With a variety of systems capable of front-rank HED science for different
classes of experiments

+ And the infrastructure to safely support multiple users with a range of
experience levels

erisie SCIENCES &

Number of active JLF users has significantly increased

since becoming an open user facility

Other u

LLNL

FYO08 -184 Users
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Number of active JLF users has significantly increased

since becoming an open user facility

59
Other
Other 15%

LLNL 16

LLNL

FYO08 -184 Users

FY12 - 400 Users ‘

+ 270 new faces in less than 4 years
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A number of organizations involved in HED science

have active JLF users

LLNL Universities Other

Engineering Cal Poly Chinese Acad Science Alme/DTRA AWE

NIF Colorado St Ecole Polytechnique Carnegie Inst CEA

PLS Columbia Heinrich-Heine U GA CNR/Pisa

WCI Florida A&M Imperial College LANL GSI
Harvard Inst Naz Fisica Nucl Italy LBNL JAEA Japan
MIT IST Portugal LLE KAERI Korea
Ohio State Osaka U NRL Kentech
Princeton Queen’s U Belfast NSTec RAL
Stanford Shanghai Jiao Tong U NTF
Texas A&M Tech U Darmstadt SLAC
U Arizona Tech U Dresden
UC-Berkeley U Alberta
UC-Davis U Bordeaux/CELIA
UCLA U British Columbia

UC-Santa Barbara U Edinburgh
UC-San Diego U Jena

U Colorado U Milano

U Maryland U Oxford

U Michigan U Paris

U Nevada Reno U Pisa

U Pacific U Quebec

U Rochester U Rome

U Texas U Strathclyde
Vanderbilt U Toronto
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University and student participation at JLF is high

Experimentalists from Academia Dominate JLF “Science” Users

59

Other »
179%  LLNL

e About 1/4 of all users — more than 1/2 of university users — are students
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JLF has the infrastructure to handle many and varied

users who perform experiments

« Time allocated based on proposals presented to a
technical review committee
- based on scientific merit, impact, and feasibility

JUPITER LASER FACILITY
. USGI‘S mUSt be I’egIStel‘ed POLICIES AND CONDUCT FOR USERS
- formal procedure: laser eye exam, safety courses,
policy briefing, safety briefing, orientation

Policies and Conduct for Users is a set of guidelines and procedures that ensure
o in the Ji Program.

+ Special provisions for students ks

- line-of-sight supervision; work unsupervised with 3 e e o e oy
months’ experience and petition to JLF staff

L Procedures for User Experiments

« Lead experimentalists must be experienced . MamsgementofGeer Experiments
I Registration of Participants
Safety Standards
Qualifications
» Work performed under LLNL ES&H Manual regs V. Conduet oo
using Integrated Safety Management processes Sevoms ™
(IWSs, Work Control, operational procedures, close V.. Faclty Contacts and Forms

contact with Safety Team)

+ Experiments reviewed for readiness and teams
debriefed on interaction
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Jupiter’s user program includes DOE/FES-supported

fusion science experiments at Titan

Activity # Sci #PD # Stud # Inst Pl

Laser pulse fongth measurement

e source and time-
resolved laser spot
characterization

7 3 6 5 Y. Ping (LLNL)

Z effects on generation
and transport

14 3 7 9 F. Beg (UCSD)

Side on Foils-Electron Divergence Study

e source code
benchmark, divergence
measurements

6 3 8 8 C. Chen (LLNL)

P o T conersion ey ard dvrzence

R. Fedosejevs (U
Alberta)

e generation at 2w
(first 2w shots on Titan)

A oy

Some EOS and opacity measurement experiments
were pioneered at JLF

Development of broadband x-ray PRL 101, 015002 (2008) PHYSICAL REVIEW LETTERS berigr
sources

Normalized Ener
(PSLienergy)'250.J

Equation-of-State Measurement of Dense Plasmas Heated With Fast Protons

i ,:’:j‘“,w G.M. Dyer,' A.C. Bemnstein,' B.1. Cho," J. Osterholz, y~i Grigsby." A. Dallon.' R. Shepherd,” Y. Ping.* H. Chen.?
H '{* i K. Widmann,® and T. Ditmire" _
i AL VTexas Center for High Intensity Laser Science, Department of Physics, The University of Texas at Austin, Austi §
bty Lawrence Livermore National Laboratory, Livermore, Cali nua 94550, USA [
/K{/ (Received 18 May 2007; published 2 July 2 &
- P e I Using an ultrafast pulse of mega-electron-volt energy protons accelerated from a laser-imadiate{ 8
we have hested solid density aluminum plasmas to temperatures in excess of 15 eV. By measurif >
e temperature and the expansion rate of the heated Al plasma simultaneously and with picosecond 8
resolution we have found the predictions of the SESAME Livermore equation-of-state (LEOS) tabley §
i accurate o within 18%, in this dease plasma regime, where there have been few previous experil o
MeAsUTe ments.
N 10 20 30
i DO 10.110¥PhysRevLetr.101.015002 PACS numbers: $2.28Kn, $2.27.Gr, S35, §. time [ps]
Satellite structure data test LANL
ATOMIC code e I B
REVIEW OF SCIENTIFIC INSTRUMENTS 79, 106104 (2008)
Density of shock foam using two-dimensional PHYSICAL
x-ray radiography
Sabaston Le Pape, Ancrow Macphoo' Danigl Hoy,' Pravesh Patol,! REVIEW
B M e e KL e b e i Srmn? A Lk
e o A LETTERS
Liarence Livermore Nakonal Laborstory, 700 Esct Avemss, Livermore, Colifornia 94550, USA ? e AUGUST 2008

ety of calforna o Dicge 14 7, Cobfomia 93095 S4T3 C5A
Geneat Amic, Coormia WISL 112, Sk
o State Unéversiy, Colusbus, OB usa

(Recvived 18 April 2008; accepted 25 August 2008: published online 10 October 2008)

‘W have used spherically bent quartz crystal 1o jmage a laser-generated shock in a foarm medium.
The foam targets had a demsity of 0.16 g/cm’ and thickness of 150 um. an aluminum/copper

o Bismuth

pasher drove the shock. The experiment was performed at the Window
|Mixed' Two temperature spectra: National Laboratory using a 2 ns, 250 J laser pulse to compres}

(10 350 1 goerae » biht Ti Ko ey sorce 43 1
[59% hot less dense (T, =150 6%, N, =3.6 x 107 om-) Tho ystal ved ivs  igh rsutn (~20 i) o
region foam. © 2008 American Istiwe of Physics. [DOL 1010631 ISAR

1% colder, denser (T, =60 eV, Ne = 5 x 10Z cm<) region

J. Colaan, J. Abdallah, Jr. C. J. Eontes, D. P. Kilcrease.
R o e e ions (2009)

American Physical Society ..,.KE?S: Volume 101, Number 6

[ENCES &

)
an)z’j




Novel diagnostics are being developed at JLF

Courtesy Ray Smith, LLNL
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Novel diagnostics are being developed at JLF

Courtesy Ray Smith, LLNL
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Record-pace wakefield acceleration measurements

have been made recently on Callisto

ek
PRL 105, 105003 (2010) PHYSICAL REVIEW LETTERS s R 010

Self-Guided Laser Wakefield Acceleration beyond 1 GeV Using Ionization-Induced Injection E|ectl‘0ns (1 5 pc) accelerated at 1 00 GeV/m

CE. Clayen. - LB Ralph.*F: Albert R_A, Fonseca.’ S.H, Glenzer” C Joshi' W, Lu' K. A. Marsh." S, F. Mardns.*
Mori,' A. Pak,' ES. Tsung,' B.B. Pollock,* 1.S. Ross,* L., Silva." and D.H. Froula®
n,,l.nm, o Herical Engineering, Univrsiy of Calfoia Los Angeles, Clomia 009, USA
¢ Lisernore Ntioa Laborator 0. B 808, Lvernom, Cafora 435, USA
‘GOLP/IPFN-LA, Insitdo Superior Técnico, Lisboa, Portugal
“MAE Deparimens, University of Calfomic. Sn Dicgs, La Jolla Calvlormn 92093, UsA
Received 3 Aprl 2010; palshed | Sep 1 5

The concepts of matched-beam, sIf-guided laser propagation and ionization-induced injection have
been combined to accelerate clectrons up to 145 GeV energy in a lascr wakefield accelerator. From the. i

spatial and spectral content of the laser light exiing the plasma, we infer that the 60 fs, 110 TW laser

1.5 107 em~". High-energy clectrons are obscrved only when small (35%) amounts of CO gas are
added o the He gas. Computer simulations confirm that it s the K-shell lectrons of oxygen that are
onized and injected into the wake and aceelerated to beyond 1 GeV cnergy.

DOE: 10.1103PhysRevLert 105105003 PACS rumbers: S236Kd. 41.75Jv, 5235 Mw

-
o
T
|

Recent advances in high-power laser technology have A number of recent experiments have addressed the
led to major breakthroughs in the field of electron accel- 2 (67].
exation via the laser wakefiekd accelerator (LWFA) con-  [8-12], and controlling the energy spread of the acceler-
ated electrons [13-16]. However, the relatvely high den-
sities used in these experiments have limited their energy
gain 10 less than 1 GeV. It should be noted that the only
an underdense plasma completely  previous experiment o report a 1 GeV electron energy gtin
blows out al the plasma electrons. Here 1 is the full widih  in a LWFA used a preformed plasma channel (o guide the

at_half-maximum laser pulse duration, ac =2 is the _laser pulse [17). However, using the self-guiding mecha-
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Work on production of high-density positron jets
began on Titan

O Electron-Gamma-Shower
Simulations

e
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10°4 e*/e" ratio 100 times previous data
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PRL 102, 105001 (2009) PHYSICAL REVIEW LETTERS 13 MARCH 2009
Relativistic Positron Creation Using Ultraintense Short Pulse Lasers
Hui Chen,' Scott C. Wilks,' James D. Bonlie,' Edison P. Liang,? Jason Myatt,” Dwight F. Price,'
David D. Mc)crhofcr." and Peter Beiersdorfer'
eek endin
PRL 10, 015003 (2010) PHYSICAL REVIEW LETTERS 2 TULY 2010
Relativistic Quasimonoenergetic Positron Jets from Intense Laser-Solid Interactions
Hui Chen,' S.C. Wilks,' D. D. Meyerhofer,* J. Bonlie,' C. D. Chen,' S. N. Chen,' C. Courtois,* L. Elberson,' G. Gregori,”
W. Kruer,' O. Landoas,”* J. Mithen,” J. Myatt,> C. D. Murphy,” P. Nilson,” D. Price,' M. Schneider,' R. Shepherd,"
C. Stoeckl,” M. Tabak,' R. Tommasini,' and P. Beiersdorfer'
'Lawrence Livermore National Laboratory, Livermore, California 94551, USA
*Laboratory for Laser Energetics, University of Rochester, Rochester; New York 14623, USA
3D of and Physics, University of Rochester, Rochester, New York 14623, USA
“CEA, DAM, DIF, F-91297 Arpajon, France
*Clarendon Laboratory, University of Oxford, OX1 3PU, United Kingdom
(Received 15 January 2010; published 1 July 2010)
Phy:
[ENCES &

‘ and




JLF laser platforms are heavily requested

* Titan shot-weeks over-requested
by more than a factor of 2 in FY12

22 proposals submitted (involving
55 students and 30 PDs); 10 were
approved

*Janus shot-weeks over-requested
by almost a factor of 2 in FY12

*18 proposals submitted; 10 were
approved

Callisto and COMET each
over-requested in FY12
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Jupiter is a development and proving ground for

experiments and diagnostics that stage to larger facilities

Positron Jets (Titan)

Dynamic Deformation (Janus)

WDM EOS (Titan)

Fast Ignition Studies, High-Pressure EOS,
Thomson Scattering, X-ray Source Development,
Detector Development
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Jupiter is a development and proving ground for

experiments and diagnostics that stage to larger facilities

Positron Jets (Titan)

Dynamic Deformation (Janus)

WDM EOS (Titan)

Fast Ignition Studies, High-Pressure EOS,
Thomson Scattering, X-ray Source Development,
Detector Development Laboratory for Lasor Energelics .

Pair Plasmas (Titan)

Thomson Scattering (Titan, Janus)
Planetary Science, EOS (Janus)
Ultrafast Detectors (Callisto)

X-ray Detector Qualification (COMET)

High-Temperature Opacity/EOS (Titan)
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Innovation and flexibility to adapt to new experimental

scenarios are key for intermediate-scale facilities

The following modifications were done at the request of experimenters

* Filled the Janus chamber with low-density gas for a laser-plasma interaction
experiment

» Transported and synched the Callisto beam to the Janus Target Area
« Changed the Titan optics for a 4w Thomson scattering experiment

+ At the request of two different users, we changed out optics to frequency-double
the Titan short-pulse (ps) beam

* We split the Titan short-pulse beam into two beams for experiments that required
two short-pulse laser beams
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JLF does a lot with fairly minimal resources

+ Typically 15 to 30 users in building each day performing 3-4 experiments
simultaneously

+ Full single-shift capacity is ~1800 high-energy laser shots in 44 shot-
weeks with a staff of 13 (however capacity is now reduced)

+ Jupiter attempts to fulfill the need to enhance HED science and program
needs, augment the user community, and train new scientists — a place
where researchers can come to gain insight in an environment where
insight and success may not be the same thing

+ JLF is a user facility without an official user group. There are
numerous issues to discuss and | encourage users of JLF, and potential

users, to form one.
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Yuan Ping wins 2011 tri-annual APS Katherine E. Weimer
Award for young female physicist in plasma science

Yuan standing by one of the Europa target chambers
where she did many of her experiments researching
plasma physics and warm dense matter.
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Jupiter Laser Facility

Titan Laser

Long-Pulse Beam Short-Pulse Beam

m 0.35-20 ns 0.35-20 ns 0.7-200 ps 0.7-200 ps
Upto 1k Up to 500 Up t0 300] Upto50]

Best Focus/ 20 um/ 20 um/ 8 um 8 um
Phase Plates 200-1000 pm 200-1000 um

UL— Jupiter Laser Facility :w : =

Janus Laser

Both East and West beams have
the following capabilities

ra oo | omna
Upto1kJ Up to 500 ]

Best Focus/ 20 pm/ 20 pm/
Phase Plates 200-1000 pm 200-1000 pum

- Short-pulse 50-m] probe available
- Beam synch continuously variable; 50 ps jitter
— VISAR and SOP are permanent diagnostics

Target chamber accepts multiple beam positions




jter Laser Faci[,-,y

)

Jupiter Laser Facility

Callisto Laser , ~~

Titan | oy BOP

Sub-100-fs laser capable of 200 TW in single-shot mode

Capabilities

High Rep Single-Shot

Iy 800 nm 800 nm

Pulse 60 fs 60 fs

Energy 120 mJ 12]

Best Focus 5um 5um

Rep Rate 10 Hz 2/hr

- 5-mJ, 60-fs probe available

Two available target chambers

5 “v“gr Laser Fﬂciliz},

Jupiter Laser Facility
COMET Laser

Capabilities

1 2 5

1053/527 nm | 1053/527 nm | 1053/527 nm

Pulse 0.5-260 ps 750 ps 0.5-6 ns

Energy 15/8] 10/20] 20/10)

Best Focus | 7x10 um 2x Diff Limit | 2x Diff Limit

Rep Rate 15/hr 15/hr 15/hr

- Two additional long-pulse/short-pulse lines
(Beams 3 and 4) available
- Beams 1-4 can be operated simultaneously

COMET can operate several beams concurrently
with a 4-minute cycle time between shots




qopiter Laser Facig,

UL_ Jupiter Laser Facility

Europa Laser

20-m]J 120-fs, 10-Hz Ti:Sapphire system

. 30 fs tunable l

probe beam

Capabilities

CEm | om | om |

- Pulses can be multiplexed
- Multiple target chambers

Europa is a well-equipped system especially suitable
for configuration tests and training
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